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Introduction
Lubricant oil is a complex mixture of hydrocarbons and other organic compounds, including some organometallic constituents that are used to lubricate the parts of an automobile engine, in order to keep everything running smoothly [1] . The utilization of lubricant leads to the production of used oils commonly in the whole world. The illegal dumping of used oils is an environmental hazard with global ramifications [2] . These used oils devastate the soil, surface and underground water and alter the microbial population at the polluted sites [3] . Spillage of used motor oils also contaminates our natural environment with polycyclic aromatic hydrocarbons (PAHs) which attract public attention because many PAHs are toxic, mutagenic and carcinogenic [4] [5] . Similarly, diesel oil is one of the major products of crude oil that constitutes the main source of pollution in the environment [6] . In addition, soil contamination by hydrocarbons, as well as underground and surface water, seriously affects the ecosystem, especially through the accumulation within animals and plants resulting in death and mutation [7] . Environmental pollution with petroleum and petrochemical products (complex mixtures of hydrocarbons) has been recognized as one of the most serious current problem [8] [9] . Fortunately, bioremediation of petrochemical products in the environment is possible and exploits the metabolic properties of microorganisms (bacteria, yeast or fungi) to degrade these contaminating agents. This ability may be natural or acquired through the acquisition of codifying genes for specific functions [7] . Bioremediation of waste materials which contain hydrocarbons and their derivatives is based on the ability of microorganisms growing on these substrates to increase their biomass and to degrade them to non-toxic products, such as H 2 O and CO 2 [10] .
The application of bacterial isolates in degrading oil involves the manipulation of environmental parameters to allow microbial growth and degradation to proceed at a faster rate [11] . The intensity of oils biodegradation is influenced by several factors, such as nutrients, oxygen, pH, composition, concentration and bioavailability of the contaminants, chemical and physical characteristics and the pollution history of the contaminated environment [12] . Particularly, lack of essential nutrients such as nitrogen and phosphorus is one of the major factors affecting biodegradation of hydrocarbon by microorganisms in soil and water environment [13] . In addition, studies report the use of surfactants to enhance hydrocarbons biodegradation [14] - [16] . Surfactants are amphipathic molecules with both hydrophilic and hydrophobic (generally hydrocarbon) moieties that partition preferentially at the interface between fluid phases with different degrees of polarity and hydrogen bonding such as oil/water or air/water interfaces [17] . According to Chrzanowski et al. [18] , surface-active compounds may generally influence hydrocarbons biodegradation by increasing their solubility or they may interfere with the cell walls of microorganisms.
In our previous works, two bacterial strains able to degrade hydrocarbons were isolated [19] . The optimization of Total Quartz SEA 40 used oil and diesel oil biodegradation by these strains in presence of nutrient factors was also performed [20] . However, the effects of nutrient factors on SAE 50 used oil (oil commonly used in our country because of it low cost) degradation, as well as the effects of surfactants on both hydrocarbons degradation by these strains were not documented. Thus, the present work focused on the optimization of these hydrocarbons biodegradation using nutrient factors (yeast extract, peptone or trace elements) and surfactants (Tween 80 or SDS), respectively.
Material and Methods

Bacterial Strains
Two bacterial strains, namely S2 and S7 used in this study were isolated during our previous work from waste-waters in Ouagadougou, Burkina Faso and partially characterized. Based on their morphological, biochemical and physiological characteristics, the strains S7 and S2 appeared to be related to Pseudomonas and Acinetobacter genera, respectively [19] .
Hydrocarbons Used in This Study
The diesel oil used in this experiment was purchased from a local oil filling station and stored in the dark at ambient temperature throughout the study. The used oils (SEA 40 and SAE 50) were collected from a local garage and stored in the same conditions as for diesel oil. Before use, the oils were sterilized using 0.2 μm pore size membrane filter.
Culture Media and Incubation Condition
Bushnell-Haas Broth consisting of:
.02 g/L and FeCl 3 0.005 g/L was used for incubation. Flasks (120 ml) containing 35.6 ml of the nutrient broth supplemented with 3% (v/v) of 0.22 μm pore size filter-sterilized hydrocarbon substrate were inoculated in triplicate with 4 ml exponential phase culture inoculum of Acinetobacter S2 and Pseudomonas S7 strains or their mixture (Acinetobacter S2 + Pseudomonas S7), respectively and then incubated at 37˚C for 14, 28, 42 and 56 days (2 ml of the suspension of each strain culture was added in the case of the mix culture S2 + S7). Controls without bacterial inoculation were prepared similarly for all incubations to evaluate the abiotic loss of hydrocarbons. The pH was adjusted to 8.00, 7.50 and 7.75 for cultures containing bacterial strains S2, S7 and their mixture (S2 + S7), respectively. To test the effects of nutrient factors, the above cultures were supplemented with 0.5% (w/v) yeast extract or peptone and 1% (v/v) trace elements of Widdel and Pfennig [21] 
Biodegradation Study
Hydrocarbon degradation was studied by gravimetric analysis according to Marquez-Rocha et al. [22] and Panda et al. [23] . After different incubation periods at 37˚C, the flasks (120 ml) were taken out and bacterial activities were stopped by adding 1% (v/v) 1N-HCL. For extraction of residual oil, 40 ml of culture broth was mixed with 40 ml petroleum ether/acetone (1:1) in a separating funnel and then shaken vigorously to get a single emulsified layer. Acetone was then added and shaken gently to break the emulsification, which resulted in three layers. The top layer was a mixture of petroleum ether, diesel oil and acetone; clumping cells make a middle layer and the bottom aqueous layer contains acetone, water and biosurfactant in soluble form. The lower two layers were spread out while the top layer containing petroleum ether mixed with diesel oil or used oils and acetone was taken in a preweighed clean beaker. The extracted oil was passed through anhydrous sodium sulphate to remove moisture. The petroleum ether and acetone layer was evaporated on a water bath. The gravimetric estimation of residual oil left after biodegradation was made by weighing the quantity of oil in a tarred beaker. The percentage of biodegraded oil was then evaluated in comparison to the initial hydrocarbon amount in the control funnel according to Fusey and Oudot [24] , as described by Sawadogo et al. [19] .
Statistical Analysis
The data collected were subjected to analysis of variance (ANOVA) with regards to the hydrocarbon used, nutrient factor, surfactant, incubation period and bacterial strain using XLSTAT-Pro 7.5 software. Mean variables were compared using the Newman Keuls test at probability level p = 0.05.
Results and Discussion
Effects of Nutrient Factors on SAE 50 Used Oil Biodegradation
The statistical analysis showed that bacterial strain has a significant effect on SAE 50 used oil biodegradation (p = 0.00, Table 1 ). It also showed that nutrient factor have a significant effect on SAE 50 used oil biodegrada-
tion (p = 0.009, Table 1 ). Similarly, the combined effect of bacterial strain and nutrient factor was also significant (p < 0.0001, Table 1 ).
After 14 days incubation period at 37˚C, biodegradation rates of 16.88% ± 0.85%, 26.08% ± 1.9%, 18.83% ± 0.36%, 16.71% ± 0.26% were found for Acinetobacter S2 on SAE 50 used oil and SAE 50 used oil supplemented with yeast extract, peptone or trace elements, respectively, while biodegradation rates of 13.41 ± 1.9, 19.05 ± 2.3, 15.46 ± 0.53, 14.01 ± 0.72 were obtained for Pseudomonas S7 on the same substrates, respectively.
As variance analysis showed, for all the substrates, the biodegradation rates obtained in presence of strain S2 are always higher than those obtained in presence of strain S7 (Figure 1) . This result could be explained by the high growth rates of strain S2 compared to those of strain S7 [19] . This relation between strain growth rate and hydrocarbon biodegradation was demonstrated by Mandri and Lin [25] .
All the organic nutrient factors (yeast extract and peptone) increased the SAE 50 used oil biodegradation. For all the bacterial strains and substrates, the biodegradation rates recorded in presence of yeast extract are significantly higher compared to those recorded in presence of peptone (p < 0.0001, Table 1 ). The increase of biodegradation rates in presence of nutrient factors could be explained by the presence of phosphorus and nitrogen in these nutrient factors. According to some authors [26] - [28] , nitrogen and phosphorus are known as the most important nutrients needed by hydrocarbon-utilizing bacteria to carry out effective and efficient degradation of xenobiotics in the environment. The results also showed a low increase of biodegradation rates on this hydrocarbon supplemented with trace elements compared to the control without trace elements (Figure 1 ). According to Springgate et al. [29] , trace elements can increase bacterial enzyme activity as cofactors and then, leading to bacterial growth. This increase of bacterial growth could explain the increase in the biodegradation rate of hydrocarbons supplemented with trace elements. Thus, some authors use trace elements to supplemented culture media during hydrocarbons bio- 
Effects of SDS and tween 80 on Diesel Oil, SAE 40 and SAE 50 Used Oils Biodegradation
Case of Diesel Oil
The statistical analysis showed no significant effect of surfactant on diesel oil biodegradation (p = 0.995, Table  2 ). However, a significant effect was found for bacterial strain on diesel oil biodegradation (p < 0.0001, Table  2 ). Similarly, the combined effects of bacterial strain and surfactant also showed a significant effect on diesel oil biodegradation (p < 0.0001, Table 2 ). After 14 days incubation period at 37˚C, the highest biodegradation rate was observed with strain S2 on diesel oil supplemented with tween 80 (30.81% ± 0.63%, Table 3 ), and the lowest biodegradation rate was recorded with strain S7 on diesel oil supplemented with SDS (18.14% ± 0.30%, Table 3 ). The biodegradation rates recorded on diesel oil + tween 80 are rather higher than those observed on diesel oil alone or diesel + SDS. However, as revealed by the variance analysis, for both bacterial strains, no significant effect was found for tween 80 and SDS on diesel oil biodegradation (p = 0.995, Table 2 ). For all the substrates, the biodegradation rates recorded with strain S2 are significantly higher than those observed with strain S7 (p < 0.0001, Table 2 ). 
Case of SAE 40 Used Oil
The statistical analysis showed a significant effect for surfactant and bacterial strain on SAE 40 used oil biodegradation, respectively (p = 0.030 and p = 0.031, Table 2 ). Similarly, the combined effects of bacterial strain and surfactant showed a significant effect on SAE 40 used oil biodegradation (p = 0.009, Table 2 ). The variance analysis is in agreement with the results obtained after biodegradation. Thus, the biodegradation rates recorded in presence of tween 80 (18.15% ± 0.4% and 16.76% ± 0.55% with strains S2 and S7, respectively, Table 4 ) are significantly higher than those recorded on SAE 40 used oil supplemented with SDS or not (p = 0.009, Table 2 ). For all the substrates, the biodegradation rates recorded with Acinetobacter S2 are higher than those observed with Pseudomonas S7 (Table 4) . 
Case of SAE 50 Used Oil
The statistical analysis showed no significant effect for surfactant on SAE 50 used oil biodegradation (p = 0.112, Table 2 ). In contrast, bacterial strain influenced significantly SAE 50 used oil biodegradation. (p = 0.000, Table  2 ). Similarly, the combined effects of bacterial strain and surfactant showed a significant effect on SAE 50 used oil biodegradation (p < 0.0001, Table 2 ). The results obtained showed that for both strains, the biodegradation rates observed in presence of tween 80 are higher than those recorded with SDS ( Table 5) . For all the substrates, the biodegradation rates recorded with Acinetobacter S2 are higher than those observed with Pseudomonas S7 ( Table 5 ). The biodegradation rate recorded with Acinetobacter S2 on SAE 50 used oil supplemented with tween 80 is significantly higher than those recorded in other cases (p < 0.0001, Table 2 ). For all the hydrocarbons used in this study, the results obtained after 14 days incubation period showed that tween 80 increases the biodegradation rates of the two used oils (SAE 40 and SAE 50) but not the those of diesel oil (Tables 3-5 ). According to some authors, surfactant can increase the solubility of certain compounds such as hydrocarbons and by then, can facilitate the access of these compounds to microbial cell. This increase of microbial access to hydrocarbon could explain the increase of biodegradation rates. Thus, Celik et al. [33] , studying the biodegradation of crude oil by a Pseudomonas strain found that the biodegradation rate increased from 60% (in absence of surfactant) to 76% and 96%, respectively in presence of 1% (v/v) of triton X-100 or tween 80. Similarly, several researches reported that the use of surfactant enhances the degradation of crude oil [16] [34]. According to Chrzanowski et al. [18] , surfactant can facilitate hydrocarbons entry in cell walls of microorganisms and then can increase their biodegradation. In the case of diesel oil, the presence of tween 80 did not increase the biodegradation rate. This result could be explained by the fact that diesel is more soluble than used oils [35] . The presence of SDS did not increase the hydrocarbons biodegradation (Tables 3-5 ). According to Tiehm [36] , SDS can be used as growth substrate for microorganisms during hydrocarbons biodegradation and then, can lead to reduced hydrocarbons utilization.
Overall, for the incubation period tested, the study showed that among the factors used to increase the biodegradation of the hydrocarbons, yeast extract revealed the best effect. Therefore, this factor is tested for an extend incubation period (i.e. 28, 42 and 56 days, respectively) in the same conditions described above.
Effect of Incubation Period on Diesel Oil, SEA 40 and SAE 50 Used Oils Biodegradation
Case of Diesel Oil
The variance analysis showed that the incubation period increased significantly diesel oil degradation, as well as the combined effect of bacterial strain and incubation period (p < 0.0001, Table 6 ). A significant difference between Acinetobacter S2 and Pseudomonas S7 strains mixture and the strains alone for diesel oil biodegradation was also evidenced (p = 0.002, Table 6 ). Table 6 . Variance of hydrocarbons (diesel oil, SAE 40 and SAE 50 used oils) biodegradation with regards to bacterial strain (Acinetobacter S2, Pseudomonas S7 or their mixture) and incubation period (means of 3 replicates).
Source of variation df
Diesel oil SAE 40 used oil SAE 50 used oil The results obtained showed that the biodegradation rates increased regularly and significantly up to the 56th day in presence of bacterial strains (S2, S7 and their mixture S2 + S7) (p < 0.0001, Table 6 ). For all the strains, the biodegradation rates were higher in presence of yeast extract as compared to those recorded in absence of yeast extract. The biodegradation rates increased more rapidly especially after 42 days incubation period in presence of yeast extract. At each incubation period, in presence or not with yeast extract, the biodegradation rates recorded with the strains mixture (S2 + S7) were always higher than those obtained with the strains S2 or S7 alone (Figure 2) . 
Case of SAE 40 and SAE 50 Used Oils
The variance analysis revealed significant impacts of the incubation period on SAE 40 and SAE 50 used oils (p < 0.0001, Table 6 ). The combined effect of incubation period and strain also increased significantly the degradation of SAE 40 and SAE 50 used oils (p < 0.0001, Table 6 ). Significant differences between the bacterial strains mixture (S2 + S7) and the strains S2 or S7 alone for SAE 40 and SAE 50 used oils respective degradation were Table 6 ).
The data obtained showed gradual and significant increases of SAE 40 and SAE 50 used oils biodegradation rates from the 14th to the 56th day incubation period for strains S2, S7 and their mixture (S2 + S7) in presence or absence of yeast extract (p < 0.0001, Figure 3 & Figure 4 ). SAE 40 and SAE 50 used oils biodegradation rates recorded in presence of yeast extract were always higher than those obtained in absence of yeast extract for all the bacterial strains, throughout the incubation periods (Figure 3 & Figure 4 ). The results obtained after different incubation periods showed that the biodegradation rates of the three hydrocarbons used in this study increase regularly with regards to incubation period. This increase of hydrocarbons biodegradation with incubation period is also reported by some authors. Thus, Panda et al. [23] found that the biodegradation rates of 0.5% (v/v) diesel oil in water increase from 8.22% to 29.94% and 30.95% after 5, 10 and 15 days incubation period, respectively. Similarly, Nikhil et al. [37] showed that the biodegradation of diesel increases regularly after 5, 10, 15, 20 and 25 days incubation time.
According to Panda et al. [23] , the biodegradation rates recorded in diesel by a strain namely SI remained higher than those obtained from a strain SII after 5, 10, 15 and 20 days incubation period. However, according to Nikhil et al. [37] , the rates of diesel oil biodegradation by a mixture of two strains were lower than those of the strains used separately until the 15th day. From the 20th day, biodegradation rates obtained from the mixture of strains became higher than those obtained from individual strain. In our case, the results also showed that the biodegradation rates obtained with the strains mixture (S2 + S7) are higher than the biodegradation rates rec- orded with the strains S2 or S7 alone after 14, 28, 42 and 56 days incubation period. These results are in agreement with those of Nikhil et al. [37] who obtained 90% biodegradation rate on diesel oil with Micrococcus sp. and Pseudomonas sp. strains mixture. In contrast 68% and 54% biodegradation rates were obtained on diesel oil with Pseudomonas sp and Micrococcus sp incubated alone. Similarly, Chekroud et al. [38] showed that bacterial consortium degrades hydrocarbons better than strains used alone. This synergy between bacterial strains leading to an increase of hydrocarbons biodegradation could be explained by an additional effect of enzymes present in each bacterial strain [39] .
Comparison of Hydrocarbons (Diesel Oil, SAE 40 and SAE 50 Used Oils) Biodegradation with Regards to Incubation Period
Statistical analysis showed a significant difference between diesel oil and the SAE 40/50 used oils biodegradation (p < 0.0001, Table 7 ). Similarly, the incubation period showed a significant effect on hydrocarbons biodegradation (p < 0.0001, Table 7 ). The combined effects of hydrocarbon and incubation period also showed a significant effect on hydrocarbons biodegradation (p < 0.0001, Table 7 ). As revealed the variance analysis, the biodegradation rates recorded on diesel oil were higher than those recorded on SAE 40 and SAE 50 used oils (Tables 3-5 ). For the two used oils, the biodegradation rates are not very different ( Table 4 and Table 5 ).
The highest biodegradation rates recorded on diesel oil could be explained by its high solubility as compared to those of the used oils [35] . In addition, used oils generally contain trace elements which can become toxic for many organisms at certain concentration [40] . This toxic effect of trace elements could explain the lowest biodegradation rates recorded on SAE 40 and SAE 50 used oils.
Conclusion
This study show that Acinetobacter S2 and Pseudomonas S7 strains and their association are able to degrade SAE 40/50 used oils and diesel oil after 14 days incubation period, and more efficiently for an extend incubation period. Organic nutrient factors such as yeast extract and peptone are appeared to increase the biodegradation of these hydrocarbons. Moreover, surfactant like tween 80 reveals the capability to enhance the hydrocarbons biodegradation. Therefore, nutrient factors (yeast extract and peptone) and surfactant (tween 80) can be utilized effectively to reclaim water contaminated with diesel and used oils.
